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STUDIES IN GLASS SYSTEMS-MAGNETIC· SUSCEPTIBILITY 
OF POLAR CRYSTALS DISSOLVED IN BORAX GLASS 
By SUBODH KUMAR MAJUMDAR ANn RAMA PRASA D BANERJEE. 
rUeccivcd jor publication, Nov. 8, 19,16) 
ABSTRACT. The present paper is an extensioll of the work done on magnetic 
properties of polar salts .lissolvcd in glass (Majumdar and Saha, 1945) using a magnctk 
torsion balance instead of the Guoy halan('e. Alkali salts like NaCI, Li.SO .. 
Na,SO. and K .SO. were dissolved ill fused borax lIlld the diamagnetic sllsceptibilities of 
the dissolved salts determined. The values thus obtained arl;' reniarkahly large, indicating 
an expansion of the lattice. This ('ooelusion runs C()UIlt<~r to that drawn from previous 
measurements of mole·refraction and "Xray diffraction. 
INTROD(lCTION 
The problem, in what form polar crystals exist when dissolved in a glass 
medium, has been engaging the attention of some workers during the last 
few years. Measurement of mole-refraction of various salts dissolved in fused 
boric oxide and borax glasses have brought out tIle fact that these salts arc 
very ~trollgly deformed in solid solution in glass, as shown by their remark;ably 
small values of mole-refraction and the results in the main support the 
Deformation Rule proposed by Fajans (Majumdar and Sarma, 1942 ; Majumdar 
and Banerjee, 1946). In a previous paper (Majumdar and Saha 1945), the 
results of magnetic sllsceptibility of alkali chlorides dissolved in borax glass, 
as measured in a Guoy balance, w~re recorded. As is wellknown the sources 
of error in a Guoy balance are far too tnany and it is for this reason a more 
accurate method has been employed in this imestigation. The magnetic 
torsion balance, first used by Krishnan and Banerjee, (I 933) and later modified 
by Datta (1944), has been used to measure the diamagnetic susceptibility of 
the following glass systems: 
NaCI-Na2B.07; Li2S0.-Na2B.07; Na2S04-Na2B.07 and 
K 2SO .. -Nal/B.0 7 • 
The salt-content of the glasses was determined analytically and their diamag-
netic susceptibilities were determined from the additivity formula: 
IOOXg=p. Xl + (100-p)Xl/, 
where X u represents the mass susceptibility of the glass (experimental 
value), Xl, the mass susceptibility of the dissolved salt, 'Xli' the mass 
susceptibility of borax, p, the percentage of the dissolved salt and (IOO~p) that 
of borax in the glass. 
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'.; ~'PTeparatio~ of the samPles .. -Lithium sulphate was prepared by dissolving 
lithium carbonate in dilnte sulphuric acid and twice recrystallising in vacuum. 
Merck's Pro Analyse quality of NaCl, Na2S04 and K gS04 were recrystallised 
once from conductivity water and dried. Pure borax (Merl:k) was similarly 
recr;y:sta1lised from its &olution in conductivity water and the salts carefully 
dehydrated first in an air oven and thtrJ in a vacuum desiccator. The samples 
'!lere prepared by fusion in a platipum crucible as described in the previous 
papers. 
Analysis of the sampZes.-For t,'be NaCl- Na2B.07 system, the chlorine 
centent was determined by the followitlg method. Weighed amounts of the 
glass were. dissolved ill hot water i. acidified with nitric acid aud excess of a 
standal:d solution of silver nitrate af.dtd. The whole solutio11 was diluted 
to a definite volume (250 C,c.); 150 c.c. was dry.filtered and titrated 
against standard NH4CNS solution, ulJing' ferric alum as indicator. 
~.. . 
The total sodium was determined by taking a known weight of the glass 
in a weighed platinum crucible, treating it repeatedly with a mixture of IIP 
and H 2S0ot and evaporating to dryness until a constant weight was ohtained. 
The sodium, correspondin!' to NaCl, was subtracted from this and the remainder 
agree,9 fairly wt:l1 with the Na2B407 of the glass. 
For the SUlphate glasses, the following procedure was adopted. Weighed 
amounts were dissolved in hot water, excess of Hel was added and the 
sulphate precipitated as BaS04 from the hoiling solutions. The precipitation 
was carried out by taking the necessery precautions and the precipitated 
BaS04 weighed. 
Determination of Ihe Magnetic SusceptibIlity of the glass.-The magnetic 
susceptibility of the glass pieces was determined in a magnetic torsion balance 
after .suspending them in two suitable liquids of known susceptibilities between 
th(.\ flat pole pieces of a powerful electro-magllet, The experimental piece 
was rigidly attached to one C:lld of a vertical Pyrex glass rod about IS cm. long, 
by slightly melting the borax glass at one point, the other end of the glass 
rod being attached to the middle of a flue silver wire stretched horiiontally 
between a torsion head and a metal chuck. A small laterai uisplacement 
could thus be given by turning the torsion head. The whole thing was so 
adjusted that the glass piece was roughly at a distance of 3-4 C111. away from 
the edges of the flat poie pieces of the electro-magnet and was, therefore, in a 
non-bomogeneous field with the gradient in the horizontal direction. 
The gl~~s piece was first. suspended in a liquid of known susceptibility 
and the current switched on. The glass being dia·magnetic was displaced 
laterall~' along the gradient in a direction away from the ~e~d. The. reflected 
l' ht'f·'···· 'm·t·rror on the glass rod very near the expernnental pIece was Ig rom B, . ..• ' ed ·1 . vtelJ~' through B. tele"microscope and the torsion head turn unb It came 
back to the original position. 
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If K. be the volume susceptibility of the glass piece and Kl that of the 
liquid, the force turning the piece from the field is given by . ·.:1 
~A. H$. a::s (K. -K1), 
where A is the cross-section of the piece, H, the field strength,- the 
x-direction being the horizontal one. If 91 is the angle through which the 
torsion head is turned, then this force is R81, where R is the torsional constant 
of the wire. Hence 
.•. (1) 
If 8'l be the angle througb which the torsion head is turned while 
immersed in the second liquid of volume susceptibility K 2, then 
Dividing (1) by (2) K. -K 1 _ 81 
K;-:K~ -02 
KJ, K 2, 811 82 being known, K, can be calculated from (3). The mass 
susceptibility was determined by mnltiplying K. by the density of the sample. 
The liquids selected for immersion were Kahlbaum'spure pyridine and 
Merck's diethylaniline freshly redistilled. The values of mass susceptibilities 
of these are respectively -0.623 x 10-6 and -0.78 x 10-0 and their respective 
densities are 0.982 and 0.934 at 25°C (the average temperature of the 
experiments). These values are taken frolll the International Critical Tables. 
Thus Kl and K2 work out respectively -0.612 x 10- 0 and -0.78 x 10-°, 
Wider apart the values of K 1 and K2 • the greater will be the divergence between 
81 and 82 and therefore smaller the experimental error. 
In order to test the a<.'curacy of the method and the purity of the liquids, 
a check experiment was performed by taking a crystal of known magnetic 
susceptibility and suspending it successively in distilled water and the same 
two liquids as before. 
The calculated values compare favourably with the values given in the 
International Critical Table. 
Although both borax and alkali sulphate crystals are optically allisotropic 
(bi-axial), yet the glass waS perft:ctly isotrolJic as proved under <:rossed Nicols 
in a polarisation micro~ope. This. may be due to the random distribution 
of the molecUles in the glass ne~tralisillg the mutual anisotropic effects. 
They, however, showed slight mag~etic anisotroPY~ 
The densities of the glass pieces were determined at the' room temperature 
in a hydrostatic balance using nitro-benzene as the suspending liquid, anc1 
uu'spun silk fibI'e forsuspeuding the glass. The deDsity of the sample of; siitt~ 
benzene was determliled at the room· temperature bi a ,sPeCific gravity bottle. c: ~ 
.;, ~ :' . ~ .," --,"~ : 
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EXPERTMFNTAL'RESULTS 
III the following table, the readings of the torsion head are recorded 
in columns 3 and 4; column 5 giVes the value of volume susceptibility 
K < and the last column gi\'cs the values of mass susceptibility. 
Sample No ";:, salt in ghss 
Nael-Na, R. 0, system 
1. 8.97 
2.* 14.8S~ 
3· 15. 2 2 
4· 16.84 
5· 17.22 
Li,SO.-Na,B.O, systt'm 
1. 
2. 
3· 
4· 
7.02 
9·55 
11.$0 
12·98 
tABU, I 
l"Iagnetic susceptibility data. 
9, imean) 8, (nltuu) K " x IOn I D<'lJsity 
84· 60' 
-- ISS 2·32S 74 • 6<,' 
-1.50 2.282 98• 8,' 
-1.58 2. 269 
55" 46" -r.036 2.249 
54" 46° 
-- 1.740 2·3"3 
.------,--.. 
-----
5 10 -I.392 2 31\1 
79: -,1.010 2,J8J 
cn 
- 1.70 2379 68 . 
-r.81 9 2·379 
Mass suscep-
tibility x 10". 
-0.6667 
-0.6573 
-0.6965 
-0.72 76 
-0.7580 
- 0.5846 
-
06759 
-(>.7 145 
--07643 
Na,SO.-Na,R,O, sy~tel11 
·_----------1 .-.. 
1. Po 68 4 10 33 " -1473 2·377 
2. ]0.67 57: ·17" -15:--° 2382 
3 13-43 40 34 " '--1.73 2 2·374 
4· 15.02 38 " 33' ., 1.88~ 2.43 6 
5· 17.36 50° 44' -2.012 2377 
6. J 7.71 17°" :So' -2040 2·38~ 
----~----,---,--,-,,---,,-----.. ---.. - .. --
K,SO.-Na,R.07 system 
I. 5-46 88· 
2. 1'1.64 n· 
3. 11.14 107' 
4. 15.38 123· 
__ 5_. ___ " I~~~_J ____ ~~: 
Na,B.O,-glass 
-----..,- -----
I. 
.2·, 
o 
o 
73 s· 
100 0 
(,7· 
600-
SSe 
}()2° 
79" 
-1320 
" 1.370 
". 14,10 
-1·54() 
-1.800 
2366 
2·357 
2356 
2.356 
2·374 
...... ,--- ... -------~ .... -'" 
2·333 
2372 
-0.61 95 
-0.6591 
- 0.7292 
-07752 
-
08455 
-'0.8563 
-0.558 
-0581 
-0607 
-0.654 
-0.758 
Tile following table records the values of mass susceptibility and gm.-
molecular susceptibilities of the di~solved salts calculated from the additi\'ity 
4-16291'-6 
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formula, taking the observed val~es of the susceptibilities of the glass pieces ; 
the value £01' borax glass which is supposed to remain unaltered is taken as 
-0.5416 x 10-0 , the mean of the two observed values. These values are 
compared with tho:iC of the pure salts. 
TABU: II 
Mass and gm.-molccular susceptibilities of the dissolved salts. 
% !Oalt in I X ob. x 10" 
the glass of the glass 
NaCI-Na.R.O, system 
8.97 -0.6667 
14.85 -0.6573 
15·22 -0.6965 
16.84 -0,7276 
17.22 -07580 
Li.SO.-Na.B.Or system 
7·02 -0.5846 
9·55 -0.6759 
11 • .50 -0·7145 
12·98 -0.7643 
-
X CHl< (of dissolved salt from I x(of pl1re salt) 
additivity formula) X" X 10" x 10" 
.-- T .937 -II3·2* -0·499 
-1.320 - 77·18 
-1.559 - 91.16 
-1.646 
- 96.25 
-1799 -J05·2 
I 
-----------·-·---'1 
-1.154 1 -126.89 I -0,38 -1.9479 -214. 15 
-2.04.52 I -224·84 
I --2.2574 I -248.18 
,,----,----,. 
. __ .... 
Na,SO.-Na.B.Or system 
8.68 
-
06195 -14389 -204·40 -n·337 
10.67 -0.6591 -1.6428 
--233·37 
13·43 -07292 -1.9.184 -275·35 
15.62 -0.i752 -2.0372 i '--28938 I 
17.36 -0.8455 -2.2922 I -325.60 17.71 -08563 -2·3186 I -329·35 
I 
--- I I 
K.SO.-Na.B.Or system I 
I 
I 
5·46 -0·558 -0.8417 I -146.68 -0·4°3 
864 -0.581 -0·9976 I -173.83 
II.14 -0.6C7 -1.1286 I -1g6,67 
15.38 -0.654 -1.:<724 
I 
'-221.72 
18.42 -0.758 -1.7165 -299·1 
DISCUSSION 
--
x,.)( 10· 
-- 29. 17 
~-.-. -,-----
-41.77 
-
-47.87 
---
-70.22 
It appears from the results that the values of the susceptibility of the 
dissolved salts in glass as calculated from the addivitity formula are very 
much greater than those of the pure crystals. The variation is much. greater' 
than is usually found with aqueous solutions. In a subsequen L cOUlDlunica-
tion this point will be elucidated. 
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The gm .-atomic susceptibility of a dia-magnetic mono-nuclear system is 
given according to the simple Langevin theory by 
x= - ----.:~. 2n}'2 
6me ll 
where n is the number of electrons in the systeIll, 
2i'2 is the summation of the squares of the radii of the projected orbits 
in a IJlane perpendicular to the mag1letic field, I' is the electronic charge, III, 
the mass and c, the velocity of the eleCtron. 
It is apparent, therefore, that an increase in the dia-magnetic susceptibility 
points to increased electronic orbits or wbut comes to the ~al11e thing, ill the 
case under investigation, an enlargement of the lattice of the dissolved crystals. 
That the lattice exists in such systems hus been proved by workers in this 
laboratory (Majumdar and Palit,I942, 1945. and Majumdar, Banerjee and 
Banerjee, 1945.) 
With NaCI the molecular susceptibility is found to vary between -77 to 
-- 105 X 10-1l corresponding to a concentration range between 14.85 -17.22%, 
the value for the pure salt being only - 28.63 X ro- I;.. The fortner valtws arc 
abnormally large and canllot be accounted for by any compound formation as 
the cations in the dissolved salt and the solvent J11ediulll are the same. Mole-
refraction measurements of these salts dbsolved in the same glass (Majumclar 
and Banerjee, loc. cli.) throws an interesting light. The values of RNArI. in 
such systems are remarkably small indicating a strong deformation 
of the dissolved salt. The slope of the lIIole-refraction-concentration curve, 
however is not so steep as that of the susceptibility-concentration curve for 
this salt. And this is true for the other salts investigated ill this paper. 
A strong deformation would naturally mean a closer packing of the lattice 
with consequent decrease of the spacing, the susceptibility measurements on 
the other hand point clearly to all incrcase of the spacing. This point was 
sought to be cleared by X-ray diffraction experiments. The preliminary 
measurements of Majumdar and Palit (zoc. cit.) seemed to support such a 
conclusion and this is also supported by theoretical considerations regarding 
the forces operating within an c1l'dro-static lattice. The pllrely electro-static 
(Conlomb) forces between tlw charges as well as thl' short-distauce repulsive 
forces will be decreased by the introduction of a medium of higher dielectric 
constant as borax glass and a l1l'W equilibrium will be set up ill which the 
spacing will be higher than in vacuum or ill air. But subsequent work 
(cf Majumdar, Banerjee and Balleriee, loe. cit.) did not reveal auy apprecia-
ble change in the spacings of the dissolved salts. 
In the case of the sulphates a very large increase of the susceptibilities 
is noticeable in every case. For Li 2S0 4 • the molecular sU8Ccptibility iucrcaslts 
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frOnl-126.g to--248.2 x 10-6 for concentration range between 7.02-12.98%, 
whereas the value for the pure crystal is only-.p.7 x IO- fl • For NagSO. the 
increase is from - 204.4 to - 329.35 X ro- 6 within the concentration range 
8.68-17.17%, tbe value for the pure crystal being onlY-47.8 x ro-6 , and for 
K 2S04 , the values lie between - 146.68 and - 299.1 X 10-0 for the COllcen-
tration range 54> -18.42%, the corre:sponding value for the pure salt being 
only -70.22 x 10-H. Such abnormal increase in the values canllot be cxplai-
lIcd merely by cationic exchange, which, llOwever, is not possible in the t\\'o of 
the four cases, namely NaCI-Na2B407 and Na2S0.-Na2B~07 5Y5tems. 
It is wellknown, however, that a small difference docs exist between the 
values of susceptibilities of salts ill dilute aqueous solutiol1 and in the solid 
state, as would be St:!eD frol11 the following table, 
NaCI 
KCI 
TABU, III 
GI11.-molecular susceptibilities of salts 
-XII x 10(;. 
Solid 
30.1 
39. 1 
54·45 
Aqueous solutio!! 
30.8 
The increase, which in no case is more than a ff,!w percent, can be easily 
explained as due to the removal of the Illutual polarisation of tIl(! outer 
electron shells of the ions in aqueous solution, wh ich would naturally increase 
the average value of j'2 within the meaning of equation (4). One would, 
therefore, expect to find a still smaller value of X"" as the deformation of the 
crystal in the glass is still greater. The results of magnetic susceptibility 
determination of salts dissolved in glass therefore run counter to those of mole-
refraction and X-ray diffraction experiments. 
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